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layer express 100–200 pheromone receptors of the V1RSex and the MHC
family and those in the basal layer contain 100–200 of
the unrelated V2R family (Dulac, 2000). These receptors
are expressed in small populations of cells in the VNO,
with one or a few receptors per cell, such that a givenMajor histocompatibility complex class Ib molecules
VNO neuron has a unique identity based on the receptormay play a surprising role in pheromone detection in
it expresses.mammals.
In differential screens for genes expressed in the VNO,
both groups identified a cluster of nine murine MHCPheromones are chemical cues secreted by animals that
class Ib genes at the H2-M locus (Arepalli et al., 1998;alert others of their sexual and social status, triggering
Kuma´novics et al., 2003) that are specifically expressedinnate behaviors such as mating and fighting. Two large
in the VNO. (Three genes belong to the M1 family andfamilies of G protein-coupled receptors have been iden-
six to the M10 family. For simplicity, they will collectivelytified as candidate pheromone receptors in mammals.
be referred to as M10 hereafter.) Intriguingly, expressionRecent work now implicates another surprising family
patterns of the M10 genes resemble those of the V2Rs:in pheromone recognition. Genes belonging to the major
both are exclusively expressed in small numbers of neu-histocompatibility complex (MHC) class Ib, best known
rons in the basal layer of the VNO. Coexpression studiesfor their role in self-nonself recognition in the immune
of M10 and V2R genes suggest that expression of recep-system, may participate in self-nonself recognition me-
tors and MHC class 1b members is not random, asdiated by pheromones.
different MHC molecules appear to be coexpressed withMHC class I molecules are single-pass transmem-
specific V2R receptors. One striking demonstration ofbrane proteins that bind peptide antigens and present
this comes from RT-PCR experiments showing that sin-them at the cell surface to cytotoxic T lymphocytes as
gle neurons containing the EC1-V2R receptor gene uni-part of the immune response. Although the function of
formly express M10.5. However, The M10-V2R combina-class I genes in the immune system is well described,
torial code is complex, with broad, overlapping domainstheir role in the nervous system is only recently under
of the nine M10 genes mapping onto the more restrictedinvestigation (Boulanger et al., 2001).
expression patterns of the hundreds of V2Rs.Recent work from the labs of Catherine Dulac, pre-
Why are MHC molecules expressed in the VNO? Thesented in the March 7 issue of Cell (Loconto et al., 2003)
Dulac lab performs a number of studies that suggestand Peter Mombaerts, presented in the March 4 issue
that a macromolecular complex of M10s and V2Rs isof Current Biology (Ishii et al., 2003) demonstrates that
essential for V2R targeting and VNO function. First, theya cluster of MHC class Ib genes is selectively expressed
show that like V2Rs, both M10 and its binding partnerin subpopulations of sensory neurons in the vomerona-
2-microglobin (2m) are localized to the dendrites ofsal organ (VNO), the site of pheromone detection in
sensory neurons, the site of pheromone sensing. Themammals. The VNO is a sensory structure in the nasal
colocalization of V2Rs and M10 prompted the Dulacseptum that is compartmentalized anatomically and mo-
lecularly into two distinct layers. Neurons in the apical lab to examine whether there is a physical association
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between these two receptor families. Remarkably, anti- their function. One possibility is that MHC molecules
have been coopted by the pheromone system to presentbodies directed against 2m or V2Rs coimmunoprecipi-
tate a macromolecular complex containing V2R, M10, V2Rs to the cell surface and that the coexpression of
different M10s and V2Rs reflects differences in the ca-and 2m, but not other membrane proteins in sensory
dendrites such as a VNO-specific TRP ion channel. pacities of M10s and V2Rs to partner. Alternatively, MHC
molecules may not only be involved in localization ofWhat is the function of the V2R-M10 complex? Trans-
fection experiments in tissue culture cells suggest that receptors but may also more intimately participate in
recognizing pheromones. In this scenario, MHC mole-V2Rs target to the cell surface only when coexpressed
with M10 and 2m. Moreover, this complex may be cules might present pheromones to V2Rs by locally in-
creasing their concentration, they might be involved innecessary for V2R targeting in vivo, as V2Rs are not
localized to dendrites in mutants lacking 2m. Although clearance of pheromones, or they might recognize pher-
omones independently of V2Rs. Expression of MHCthese studies need to be substantiated by rigorous anal-
yses of the targeting properties of multiple V2Rs and molecules would thus modify the ligand recognition
properties of the sensory neuron and further expand theM10s, the results are tantalizing. The V2Rs belong to
the C family of G protein-coupled receptors containing repertoire of chemicals recognized by the VNO. Future
studies of the coupling of M10s and V2Rs should deter-large N-terminal extracellular domains, and recent evi-
dence shows that some members of this family form mine whether MHC molecules are used in both the pher-
omone system and the immune system to sense foreignheterodimers that are obligate for proper targeting
(Margeta-Mitrovic et al., 2000). The V2R-M10 complex bodies.
provides a surprising new twist, suggesting that struc-
turally diverse binding partners may be used to regulate Kristin Scott
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evidence will be required to demonstrate that the behav-
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dispersed cells start to communicate with each otherFollow the Leader
by producing, secreting, and responding to cAMP,
which acts both as a chemoattractant to bring cells
together and as a morphogen to induce genes required
for the process. Positive and negative feedback loopsUpon starvation, individual Dictyostelium amoebae
lead to the emergence of aggregation centers that initi-chemotax toward aggregation centers in tightly packed
ate the cAMP signal, which is relayed outward from cellstreams in which cells are organized in head-to-tail
chains. A recent report in Cell shows that this behavior to cell in spiral or concentric waves. Over time, cells
requires localization of adenylyl cyclase and the pro- become polarized with their axis perpendicular to the
duction and secretion of the chemoattractant cAMP waves and start to chemotax toward the center. At this
at the posterior of individual cells. These findings sug- stage, cells can be observed actively seeking the tails
gest a relay and communication system to regulate of nearby cells, leading to the formation of head-to-tail
the long-range coordinated movement of cells. chains (see Figure; Dormann et al., 2002). Coalescence
of these chains results in an aster of streams of cells
converging on the aggregation center. A paper in theThe transition from free-living amoebae to a multicellular
February 21 issue of Cell by Parent and colleagues (Krie-organism in Dictyostelium involves chemoattractant ag-
gregation of individual cells. Upon starvation, randomly bel et al., 2003) provides an unexpected mechanism for
